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SUMMARY

In this report, the shelf (St. George basin) and deep-~water (Umnak
Plateau region) areas of the St. George basin OCS planning area are described
separately, (Fig. 1) as was done with the previous resource reports of Marlow
and others (1979c) and Cooper and others (1980). At the time of the writing
of this report, information for two cost wells in St. George basin are in
final preparation for public release, however this information is not included
herein.

ST. GEORGE BASIN

St. George basin is a long (300 km), narrow (30-50 km) graben whose long
axis strikes northwestward, parallel to the continental margin of the southern
Bering Sea. Located near the Pribilof Islands, and beneath the virtually
featureless Bering Sea shelf, the basin is filled with more than 10 km of
sedimentary deposits. These sedimentary rocks are ruptured by normal faults
associated with the sides of the graben; these ruptures commonly correlate
with offsets in the basement surface. Offset along these faults increases
with depth implying that they are growth-type structures.

Dredging from the continental margin near St. George basin suggests that
the southwestern flank of the basin is underlain by Jurassic rocks equivalent
to the Naknek Formation on the Alaska Peninsula. Dredging and seismic
reflection data also show that at least the upper part of the basin fill is
late Cenozoic in age. Regional plate tectonic reconstructions suggest that
collapse of the continental margin and initial formation of St. George basin
probably began in earliest Tertiary time (Marlow and Cooper, 1984).

Cretaceous mudstone dredged from the nearby continental slope in Pribilof
Canyon contains as much as 1 percent organic carbon (Marlow and others, 1976,
p. 179). Other rocks dredged from the Beringian continental slope include
lithified volcanic sandstone of Late Jurassic age, mudstone of Late Cretaceous
age, and less consolidated deposits of early Tertiary age. Geochemical
analyses of these rocks were published in Marlow and others, (1979b).
Pyrolytic analyses of these rocks show that they are not good source beds for
petroleum. However, the outcrops sampled by rock dredging are generally more
resistant sandy units that may not be representative of finer-grained
sedimentary sections in St. George basin or the other outer shelf basins.

Other Tertiary mudstone also crops out on the continental slope; some of
these rocks contain more than 0.25 percent organic carbon (Marlow and others,
1979b, p. 178). However, many of these rocks crop out too far down on the
continental slope to be representative of the lower sediment sections in the
outer shelf basins. Because the stratigraphically lower basin beds wedge out
against the flanks of the shelf basins, correlative outcrops are virtually
unknown along the nearby continental slope.

The porosities of Eocene to Pliocene-Pleistocene rocks dredged from 15
sites along the Bering Sea continental margin range from 14-70 percent and
average 44 percent (Marlow and others, 1979b; Jones and others, 1981). The
Cenozoic samples are generally porous - probably because of abundant diatom
frustules in many of the samples. However, the permeability of these rocks is
variable, probably because of submarine weathering and subsequent cementation
effects. These Cenozoic outcrops can be traced as seismic reflectors to two
subshelf basins, St. George and Navarin basins, where, if the beds remain
diatomaceous, good potential reservoir beds may occur.

Within St. George basin, structural traps include broad anticlinal
closures and tight folds associated with normal faults. Closure and fault
offset increase with depth; hence, growth-type structural traps formed
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continuously with basin filling.

Potential stratigraphic traps are recognizable in the thinning and
wedging of the older stratigraphic sequence toward the flanks of St. George
basin. These beds dip toward the axis of the basin, hence up-dip migrating
fluids could be trapped against the much denser and less permeable rocks of
the Mesozoic basement. The basin's lower stratigraphic sequence is
discordantly overlapped by the younger acoustically reflective sequence.
Hydrocarbons migrating up-dip along the lower beds might, therefore, be
trapped beneath the overlapping sedimentary sequences.

Many faults, high seismicity, and evidence of recent movement along some
of the faults all show that faulting is a major environmental concern for the
outer continental shelf region of the southern Bering Sea, especially in St.
George basin. Most of the faults are potentially active and their movement is
probably influenced by the local geology, including basement structures and
sediment loading. Unstable sediment masses pose potential threats for
resource development near Pribilof Canyon. Volcanic activity along the
Aleutian arc south of St. George basin may also pose an environmental hazard
to petroleum development in the area. Another environmental hazard is shallow
gas pockets, which may pose problems during drilling such as blowouts and
liquefaction of bottom sediment.

Prospective hydrocarbon areas of the shelf are shown in Figure 2 (from
Marlow and others, 1979c).

UMNAK PLATEAU REGION

The triangular Umnak Plateau region lies at the junction of the Bering
shelf and the Aleutian Ridge. The region includes those sections of the St.
George basin OCS planning area that lie in water deptiis greater than 200
meters (the shelf break) as well as those sections on the summit of the
Aleutian Ridge.

The structural framework and geologic history of the Umnak Plateau region
are dominated by the two major rock belts that border the region, a
eugeosynclinal assemblage of Mesozoic age rocks underlying the Bering shelf
and an island-arc suite of Cenozoic rocks that form the Aleutian Ridge. The
deep igneous crustal rocks that underlie the Umnak Plateau region may be
typical of either the rocks that form these two bordering belts or the oceanic
crustal rocks that floor the adjacent abyssal Aleutian Basin.

During Mesozoic time, the Umnak Plateau region was an oceanic area,
similar to that found presently in the North Pacific, that bordered an active
continental margin. The major constructional phase of the Aleutian Ridge
occurred in early Tertiary time and isolated a segment of oceanic crust within
the Umnak Plateau region. Since early Tertiary time, the igneous and volcanic
basement rocks beneath the summit basins of the Aleutian Ridge, and the
structural depressions beneath the plateau and continental slope have been
covered by a 1 to 9 km thick suite of marine volcanic-rich clastic, and
diatomaceous sedimentary rocks. These thick sedimentary deposits were diapir-
ically intruded and cut by large submarine canyons during late Cenozoic time.

Regional geologic and geophysical mapping indicates that the four
requisites for hydrocarbon accumulations may be present in the Umnak Plateau
region; source beds, reservoir beds, traps, and an adequate thermal and
sedimentation history. However, the presence of hydrocarbons other than
methane gas has not been proven in either of the two 900 meter deep DSDP holes
drilled in the region.

Average organic carbon values for Oligocene to Holocene diatomaceous
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sedimentary rocks from the Aleutian Ridge and Umnak Plateau range from 0.50 to
0.66%. These rocks comprise nearly the entire 1 to 9 km thick sedimentary
section above acoustic basement. Porosities of these rocks range from 14 to
nearly 80%, like those measured along the continental slope. Permeability
values in Oligocene sandstone (0.09 to 38 mdarcy) and middle Miocene to
Holocene sandstone and mudstone (1.23 to 45 mdarcy) are variable.

Potential traps are associated with diapirs (shale?), thinning and onlap
of older sedimentary horizons against basement, as well as growth structures
within structural depressions beneath the continental slope and the summit of
the Aleutian Ridge.

Temperature gradients (50-80 degrees °C/km), when projected downward into
the 1 to 9 km thick sedimentary section, reach the onset temperature (75°) for
hydrocarbon generation at 0.6 to 2.0 km sub-bottom. Consequently, most of the
Umnak Plateau region has thermal potential for hydrocarbon generation.

Based on present information, the Umnak Plateau region must be considered
a potentially important future hydrocarbon province. Further geologic and
geophysical investigations are required to specify the location, amount, and
types of hydrocarbons, if any, that may be present. Figure 3 shows those
areas that have the greatest potential for economic development in the future
as production technology advances into the deep water areas.
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Figure 3. Prospective hydrocarbon areas of the Umnak Plateau region. The map
shows areas that have the best prospects for hydrocarbon generation (sediment
thickness greater than 2000 m or 6560 ft). Zone A shows areas where offshore
production is currently feasible (water depths less than 400 m or 1300 ft).

Zone B covers those areas where exploratory drilling is also presently
feasible.



SECTION 1: ST. GEORGE BASIN AND SHELF
CHAPTER 1-1
GEOLOGICAL FRAMEWORK
Seismic Reflection Data

Marlow and others first delineated the elongate, sediment-filled St.
George basin, that underlies the flat, shallow Bering Sea shelf and that
trends northwest from near the southern Alaska Peninsula toward the Pribilof
Islands (see Figs. 4 and 5; also see Figs. 2 and 7 in Marlow and others,
1976b). In that study, structure contours on acoustic basement derived from
3,000 km of single-channel seismic reflection data show this basin to be 300
km long, 50 km wide, and filled with more than 6.5 km of Cenozoic sedimentary
rocks (Marlow and others, 1976b). Multi~channel seismic reflection data
recently acquired and in part described below, show that this graben is much
deeper and that it represents a mammoth extensional rift in the crustal rocks
of the southern Bering Sea Shelf.

Profile 8B

A 24-channel seismic reflection profile across St. George basin,
diagrammatically interpreted in Figure 4, shows several subshelf structures
beneath the southern Bering Sea shelf and St. George basin.

The flat acoustic basement underlying the southwest end of profiles 8B
(Fig. 4; between shotpoints 3200 and 2700) is Pribilof ridge, which is
overlain by an undisturbed, layered sequence 1.3-1.4 km thick (1.3-1.4 sec).
Within the acoustic basement, several gently dipping reflectors suggest that
the basement includes folded sedimentary beds. Farther north, between
shotpoints 2700 and 2200, the basement, descends in a series of down-to-basin
steps, plunging to a maximum subbottom depth of about 5.4 seconds (over 10 km)
beneath the axis of St. Georgc .basin. The overlying reflectors
are broken by at least three major normal faults that dip toward the basin
axis and appear to be related to offsets in the acoustic basement. Within the
basin fill, the offset along the faults increases with depth, implying that
these are growth structures. Strata are synclinally deformed about the
basin's structural axis. The free-air gravity anomaly reaches a minimum of -1
mgal over the basin axis (a decrease of 55 mgal from the 54 mgal high over the
basement high near shotpoint 1860).

From shotpoints 2200 to about 1860, the acoustic basement rises rapidly
to a minimum depth of 0.55 second (0.5 km; Figs. 4 and 5). Again the
overlying reflectors are broken by normal faults that dip down to the basin
axis. .

A gentle concavity in the basement extends from shotpoints 1860 to 1080;
the maximum thickness of overlying strata is about 1.7 seconds (1.8 km) near
shotpoint 1330. A corresponding relative gravity low of 41 mgal is centered
over the swale. Intrabasement reflectors dip at a gentle angle to the surface
of the acoustic basement (between shotpoints 1200 and 1400). Reflectors in
the lower part of the overlying sedimentary section wedge out against the
acoustic basement (between shotpoints 1500 and 1720).

Structure Contours

To convert two-way traveltime on the seismic reflection records to depths
in meters or kilgmeters, we use a generalized velocity function: D= 1.266t +
1.033t% - 0.117¢>
where:
D = Depth of thickness in km
t = One-way traveltime.
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This function was derived by fitting a polynomial curve to velocity data from
150 sonobuoy stations in the Bering Sea. The velocity function used here
supersedes the curve published by Marlow and others (1976b).

Our new multichannel data show that St. George basin is filled near each
end with more than 10 km of section. We do not know whether the section
thickens toward the center of the basin. Two smaller basins, Amak and
Pribilof basins, south of and parallel to St. George basin contain 3 to 4 km
of layered fill (Fig. 5).

Northwest of St. George basin, the shelf is underlain by a complex of
smaller basins and ridges, also parallel to the margin (Fig. 5; Marlow and
others, 1976b). Most of these basins, like St. George basin, are structural
grabens or half-grabens bordered by normal faults. The largest structural
high or ridge in the western basement complex, the Pribilof ridge, is
subaerially exposed in the Pribilof Islands (Fig. 5). To the southeast, the
ridge flanks the southern side of St. George basin and extends toward the
Black Hills ridge and the Alaska Peninsula (Fig. 5; also see Figs. 2 and 7 in
Marlow and others, 1976b).

" South of St. George basin, the acoustic basement deepens monoclinally
toward the Aleutian Island arc, reaching depths greater than 8 km below sea
level, within 20 km of Aleutian Ridge (Fig. 5; also Figs. 2 and 7 in Marlow
and others, 1976b). Unfortunately, we do not have enough seismic reflection
data to determine the structural relation between the basement complex of the
Bering Sea margin and the presumably younger Aleutian Island arc (Scholl and
others, 1975). .

Geopotential Data

ravity Data .

A free air gravity anomaly map of the St. George basin area is shown *a
Figure 6. A regional map of the Bering Sea region that includes this area has
been published by Watts (1975). The irregular gravity low extending from the
tip of the Alaska Peninsula northwestward toward the Pribilof Islands outlines
St. George basin (Fig. 6). The southeastern end of the low, adjacent to the
peninsula, is the signature of a separate basin, BAmak basin (Fig. 5, Marlow
and others, 1976b). Immediately north of the Amak basin gravity low, a
lineaxr, 50-70 mgal gravity high extends about 70 km west of the Black Hills
region of the Alaska Peninsula (Fig. 6). This high anomaly appears to turn
and trend northwest along the southern flank of the gravity low associated
with St. George basin, suggesting that the Jurassic rocks of the Black Hills
area extend along the southern flank of St. George basin. Furthermore, the
structural and gravity data (Figs. 5 and 6) imply that Pribilof ridge extends
from the Pribilof Islands along the south flank of St. George basin.

Magnetic Data

Figure 7 is a reproduction of a portion of a total-field magnetic anomaly
map of the Bering shelf published by Bailey and others (1976). The St.
George, Amak, and Bristol Bay basin complex is characterized by low-frequency,

low-amplitude anomalies. This band of anomalies extends north-westward from
the Alaska Peninsula to the Pribilof Islands area.

North of the low-amplitude, low frequency anomaly belt, an accurate zone
of high—-amplitude, high-frequency anomalies is traceable from east to west
(Fig. 7). This belt of high anomalies is part of a larger, arcuate zone of
similar anomalies that swings across the central and inner Bering Sea shelf

12
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(Marlow and others, 1976b).

Geologic History

Mesozoic Structural Trends

Gravity, magnetic, seismic reflection, and dredge data suggest that the
Upper Jurassic shallow-marine rocks exposed in the Black Hills on the Alaska
Peninsula extend west to northwest along the south flank of St. George basin
and connect with Pribilof ridge (Fig. 5). In addition, Upper Cretaceous
(Campanian) rocks were dredged from the southern flank of this ridge in nearby
Pribilof Canyon (Fig. 5; Hopkins and others, 1969). Seismic reflection data
suggest that the Cretaceous dredge samples may have been recovered from a
relatively isolated intra-basement basin perched on the southwest flank of
Pribilof ridge. Other dredge samples from the margin west of Pribilof ridge
show that the Mesozoic basement complex is unconformably overlain by shallow-
water, diatomaceous mudstone of early Tertiary age (Marlow and others,
1979%a,b). This belt of upper Jurassic rocks apparently occupied the former
site of the Mesozoic margin of the Bering Sea and was a resistant high that
began to collapse in early Tertiary time.

We speculated earlier that a Jurassic, Cretaceous, and earliest Tertiary
magmatic arc extended parallel to and inside (landward to the east towards
Alaska) of the outer belt of shallow-water deposits (Marlow and others,
1976b). This igneous belt is characterized by high-amplitude, high-frequency
magnetic anomalies (Fig. 7). The magmatic arc is exposed as calc-alkalic
volcanic and intrusive rocks of late Mesozoic and earliest Tertiary age on St.
Matthew and St. Lawrence Islands on the Bering Shelf and as similar rocks in
southern and western Alaska and eastern Siberia (Fig. 8; Patton and others
1974, 1976; Reed and Lanphere, 1973; Scholl and others, 1975; Marlow and
others, 1976b).

Tertiary Deactivation and Crustal Collapse

In 1975 and 1976 we postulated that the arcuate geosynclinal and magmatic
trends of the Bering Sea margin resulted from convergence and subduction of
oceanic lithosphere (Kula (?) plate) beneath the Bering Sea continental
margin, (Cooper and others, 1976a; Scholl and others, 1975; Marlow and others,
1976b). Thus, we predicted that either deep-water trench or slope deposits
would have accumulated along the former base of a Mesozoic convergent
margin. However, rocks dredged in 1978 suggest that the margin is composed,
in part, of a resistant basement high that was emergent, from Late Jurassic to
early Tertiary time (Marlow and others, 1979a,b). If former Mesozoic trench
or slope deposits do exist, then they must be buried beneath the thick
sediment accumulations now draping the base of the margin (Cooper and others,
1981). Alternately, the former Mesozoic margin may have been the site of
predominantly strike-slip motion or oblique subduction until early Tertiary
time. Thus, the former Mesozoic slope deposits may have been tectonically
"rafted" to the northwest, perhaps into Siberia.

Plate motion along the Mesozoic Bering Sea margin apparently ceased with
the formation of the Aleutian Island arc in late Mesozoic or earliest Tertiary
time, when the subduction zone (transform fault?) shifted from the Bering Sea
margin to a site near the present Aleutian Trench, thereby trapping a large
section of oceanic plate (Kula?) within the abyssal Bering Sea. Cessation of
plate motion apparently tectonically deactivated convergence or transform
faulting along the Bering Sea margin. In early Tertiary time, the margin

15
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underwent extensional collapse and differential subsidence, which has
continued during most of Cenozoic time.

Elongate basins of great size and depth, exemplified by St. George basin,
formed near the modern outer Bering Sea shelf (Figs. 4 and 5; Marlow and
others, 1976b). Extensional deformation of the folded rocks of the Mesozoic
basement has continued to the present as evidenced by growth-type normal
faults that flank the outer shelf basins and commonly rupture the entire
Cenozoic basin fill. Collapse of the continental margin may have been aided
by cooling and Cenozoic sediment-loading of the oceanic crust (Kula(?) plate)
flooring the abyssal Bering Sea.

New Data

In 1982, the U.S. Geological Survey acquired a new geophysical profile
across St. George basin (Fig. 9). The data include a 24-channel seismic
reflection profile and five seismic refraction stations shown in Figure 9.

. The seismic reflection data show that St. George basin around Line 2 is
an asymmetric half-graben filled with about 3.5 seconds (5 km) of stratified
section, which is down-faulted by normal faulting along the southwest side of
the basin (Fig. 9). A sonobuoy refraction station near the basin axis shows
the £ill in the basin increases downward in velocity from 1.6 km/sec near the
seafloor to over 4.0 km/sec at the base of the fill. This stratified section
overlies a major unconformity cut into the bedrock of the shelf. Bedrock
beneath the uncomformity has refractors with compressional velocities of 4.7
to over 7 km/sec and has scattered, dipping reflectors (Fig. 9).

The stratified section southwest of St. George basin dips and thickens to
the southwest, reaching a thickness of about 4.5 seconds (5.4 km) at the end
of the line. Compressional velocities within the bedrock near this end of the
line are 4.8, 6.1, and 6.8 km/sec.
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CHAPTER 1-2
PETROLEUM GEOLOGY
Alaska Peninsula

Drilling History

Since 1959, nine onshore wells have been drilled along the northern
coastal lowland area of the Alaska Peninsula, and two offshore COST wells have
been drilled in the St. George basin. For descriptive purposes, the wells on
the Alaska Peninsula are divided here into a northern group of four wells that
bottomed in volcanic or granitic rocks, and a southern group of five wells
that bottomed in either Tertiary or Mesozoic sedimentary rocks.

The northern group includes the General Petroleum Great Basins No. 1 and
2, Great Basins Ewerath Ugashik No. 1, and the Gulf-Alaskco Port Heiden No. 1
(Fig. 10). The southern group included the Gulf Sandy River Federal No. 1,
Pan American Hoodoo Lake No. 1 and 2, Pan American David River No. 1-a, and
the Amoco Cathedral River No. 1 (Brockway and others, 1975).

"In the northern group of wells, the thickness of the flat-lying Tertiary
sequence varies from about 1220 m to 3350 m and consists of interbedded non-
marine to shallow marine sandstone, siltstone, claystone and coal (Hatten,
1971). Granitic basement penetrated by the General Petroleum Great Basins No.
1 and 2 wells has been dated radiometrically as about 177 m.y. old (late Early
Jurassic). Radiometric ages from the volcanic sequence underlying the flat-
lying Tertiary sedimentary rocks in the Gulf Port Heiden and Great Basins
Ugashik wells range from 33 to 42 m.y. old (Brockway and others, 1975;
Oligocene to late Eocene, according to the time scale of Berggren, 1969). No
significant shows of oil or gas have been reported from the northern group of
wells. To the south the Gulf Sandy River well encountered gas associated with
coal in the middle part of the Bear Lake Formation (Miocene) between 1970 and
1940 m. Oil and gu- shows were also encountered in the basal sandstone beds
of the Sandy River well. However, in this well the oil encountered within the
basal portion of the Bear Lake Formation may have been derived from source
rocks within the underlying Stepovak Formation (Oligocene).

In offshore areas where the flat-lying Cenozoic sequence overlies older,
folded and truncated sedimentary rocks, such as the Mesozoic strata of the
Black Hills, oil may have migrated upward into the more porous sandstone beds
of the overlying Bear Lake Formation. The possibility of oil and gas
migration from older sedimentary formations renders the offshore area between
Port Moller, Amak Island and the Pribilof Islands more prospective than the
area north of Port Heiden, where the basement consists of volcanic and
granitic rocks. The offshore arcuate gravity and magnetic discontinuity
described by Pratt and others (1972), which extends from the Pribilof Islands
toward Port Moller (Fig. 6 and 7), may define two different basement rock
types beneath the flat-lying Cenozoic sequence. The high-amplitude magnetic
anomalies on the northeast side of the discontinuity may represent volcanic or
granitic and metamorphic basement rock, and the low-amplitude anomalies on the
southwest side may reflect a thick sequence of early Tertiary or late Mesozoic
sedimentary rocks. The flat-lying sequence of Cenozoic sedimentary rocks is
locally folded and uplifted along the foothill belt of the Alaska Peninsula.
Further offshore the strata may be depositionally draped over fault blocks
within the acoustic basement (Hatten, 1971). Data on the size and extent of
such structures are not available. The rocks considered to have the greatest
petroleum potential in the offshore area of St. George basin are flat-lying to
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gently folded Cenozoic sandstone, siltstone, and shale beds. These rock units
probably range in age from Eocene to Holocene.

Source Beds
The best source rocks in the Tertiary sequence appear to be the black

marine siltstone and shale beds in the Oligocene Stepovak Formation. On the
Alaska Peninsula, the Stepovak Formation is locally at least 4500 m thick
(Burk, 1965). Scattered shows of oil and gas in Stepovak rocks have been
reported from three Alaska Peninsula wells, Gulf Sandy River, Pan American
Hoodoo Lake No. 2, and Pan American David River 1-A (Fig. 10; Brockway and
others, 1975). Potential source rocks may also occur in the Miocene Bear Lake
Formation because locally the basal portion containing marine siltstone and
shale may have been buried deep enough to generate hydrocarbons. Marine shale
of Late Jurassic and Late Cretaceous age might also be considered as potential
source rocks. These rocks are often in angular discordance with overlying
Cenozoic sandstone reservoir beds.

Core chips and drill cuttings from eight of the nine wells drilled along
the Bering Sea lowlands of the Alaska Peninsula were subjected to lithologic
and paleontologic analyses by McLean (1977). Results suggest that at least
locally, sedimentary rocks of Tertiary age (excluding Paleogene strata)
contain oil and gas source and reservoir rocks capable of generating and
accumulating liquid and gas hydrocarbons.

Paleogene strata on the Alaska Peninsula are rich in organic carbon but
they are immature. However, strata in offshore basins to the north and south
(St. George and Bristol Bay basins) may have been subjected to a more produc-
tive thermal environment. Total organic carbon content of fine-grained,
Neogene strata appears to be significantly lower than in Paleogene rocks,
possibly reflecting nonmarine or brackish water environments of deposition.
Neogene sandstone beds locally yield high values of porosity and permeability
to dcpths of about 2,439 m (8,000 feet; McLean, 1977). Below tlLis depth,
reservoir potential rapidly declines.

The General Petroleum, Great Basins No. 1 well drilled along the shore of
Bristol Bay reached granitic rocks. Other wells drilled closer to the axis of
the present volcanic arc indicate that both Tertiary and Mesozoic sedimentary
rocks have been intruded by dikes and sills of andesite and basalt. Although
the Alaska Peninsula has been the focus of igneous activity throughout much of
Mesozoic and Tertiary time, thermal maturity indicators such as vitrinite
reflectance and coal rank suggest, that on a regional scale, sedimentary rocks
have not been subjected to abnormally high geothermal gradients.

Lyle and others (1979) studied 14 stratigraphic sections totaling 5,000 m
along the Alaska Peninsula. They found that 63 percent of the total measured
stratigraphic section contains potential Tertiary reservoir sandstone.
However, the porosities and permeability for these sandstones were generally
low in most areas because of pervasive pore-filling mineralization. The best
preserved and most probable reservoir rocks are sandstone beds in the Bear
Lake Formation of Miocene age. 1In studying potential Tertiary source rocks,
Lyle and others (1979) found that the total organic carbon for their samples
ranged from less than 0.2 to 8.0 percent, that the hydrocarbon Cq54 eXxtracts
averaged 362 ppm, that the major or organic constituents are herbaceous-spore
debris, and that most samples have a thermal alteration index of 2- to 2+.
They concluded that dry gas is the most probable hydrocarbon to form in
Tertiary source rocks on the Alaska Peninsula.
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Reservoir Beds and Seals

The rocks that have the greatest reservoir potential for oil and gas in
the offshore area of Bristol Bay and St. George basins are probably the
sandstone units equivalent to the Bear Lake Formation of middle to late
Mioccene age (Lyle and others, 1979). Bear Lake sandstone beds are both marine
and nonmarine and contain a combination of volcanic grains, dioritic grains
and chert, and sedimentary lithic fragments. Most of the sandstones could be
classified as lithic subgraywackes and others as lithic arenites (Burk,
1965). Shows of o0il and gas have been reported from the basal Bear Lake
Formation sandstones in the Gulf Sandy River and Pan American David River
wells.

Sandstones in the older Tertiary formations, Tolstoi and Stepovak, have
an abundance of volcanic detritus as well as matrix clay. These rocks are
dense and highly indurated and thus are not considered good reservoir beds.

Traps and Timing

Most of the potential oil and gas traps in the offshore St. George basin
area are probably anticlinal structures. Anticlines in the Cenozoic sequence
are primarily formed by draping and differential compaction of strata over
eroded and block-faulted highs that developed within the acoustic basement
complex. The resultant structures are probably large in area but have a
limited amount of closure. Structural traps in the offshore area probably
formed during the early filling of St. George basin. Most structures appear
to decrease in amplitude upward through the Cenozoic section, and the upper
100 to 200 m of strata are often flat-lying and undeformed.

Stratigraphic traps formed by buttress onlap during transgression around
topographic highs, by local truncation of sandstone beds, and by lenticular
sandstone bodies probably occur in the Cenozoic sequence, but their size and
number are unknown.

Western Alaska

Drilling History

The petroleum potential of the Bethel and Nushagak basins is difficult to
assess because the bulk of prospective rocks are concealed by a thick mantle
of alluvial deposits and only one exploratory well has been drilled in the
area. In the 1961, Pan American 0Oil Company drilled the Napatuk Creek No. 1
well to a depth of 4500 m (14,877 feet) about 56 km west of Bethel (Fig.
11). No hydrocarbon shows were reported in the well. The well penetrated
about 300 m of Quaternary sediment that unconformably overlies a relatively
flat-1lying sequence of Upper Cretaceous graywacke and shale. Several mafic
volcanic dikes of unknown age were encountered in the Cretaceous section.
Rapid facies changes have been noted within the Kuskokwim Group and thus,
adequate reservoir rocks may occur elsewhere within the Bethel basin (Hoare,
1961). Reconnaissance aeromagnetic data show that the maximum depth to
magnetic basement in the vicinity of the Napatuk Creek No. 1 well is about
6100 m (20,000 feet); therefore about 1600 m (5,000 feet) of Cretaceous rocks
remain undrilled below the bottom of the well.

No wells have been drilled in the Nushagak basin. Limited outcrop data
from around the margin of the basin suggest that pre-Tertiary rocks have a
limited petroleum potential because they are highly indurated and deformed.
No data are available on the thickness of Cenozoic rocks underlying the
Nushagak lowlands.
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St. George Basin

Source beds

Little is known about possible source beds in the St. George basin.

Rocks dredged from the Beringian continental slope include lithified
volcanic sandstone of Late Jurassic age, mudstone of Late Cretaceous age, and
less consolidated deposits of early Tertiary age. Cretaceous mudstone dredged
from Pribilof Canyon contains as much as 1 percent organic carbon (Marlow and
others, 1976b, p. 179). Geochemical analyses of some of these rocks are
listed below:

Table 1. Geochemical analyses of rocks dredged from the Bering Sea
Continental Margin. See Marlow and others (1976b) for locations.

Organic Pyrolytic Vitrinite
Sample carbon hydrocarbon reflectance
Number Lithology Age (WES) (We. %) (Avg. %)
S6-77-BS
DR1-20 Volcanic L. Jurassic 0.79 0.24 0.38
sandstone
DR1-26 Volcanic L. Jurassic 0.26 0.01 1.14
sandstone
TT-1-021
001 Mudstone L. Cretaceous 0.62 0.11 .40
L5-78-BS
5-5 Sandstone L. Jurassic 0.27 0.02 .63
2-3 Mudstone Paleogene 0.33 0.02 .41
16-9 Mudstone M. Eocene 0.83 0.04 .31

Pyrolytic analyses of these rocks show that none are good source beds for
petroleum. However, outcrops sampled by rock dredging are generally sandy
units, and may not have sampled fine-grained source beds that could be present
either along the margin or within the subshelf basins.

Other Tertiary mudstones have been dredged from the continental slope;
these rocks commonly contain more than 0.25 percent organic carbon (Marlow and
others, 1976b, p. 178). However, many of these rocks crop out too far down on
the continental slope to be representative of the sediment sections in the
basins. Because the stratigraphically lower basin beds wedge out against the
flanks of the basins, correlative outcrops are virtually unknown along the
nearby continental slope.

Reservoir beds

The Cenozoic samples are generally porous - probably because of abundant
diatom frustules. The porosities of Eocene to Pliocene-Pleistocene rocks
dredged from 15 sites along the Bering Sea continental margin range from 14 to
70 pexcent (avg. 44 percent; Table 2). The permeability of these rocks is
variable, probably because of submarine weathering and cementation effects.

These Cenozoic outcrops can be traced as seismic reflectors to the
subshelf basins, where, if the beds remain diatomaceous, good potential
reservoir beds may occur. The dredge samples may therefore be equivalent to
the upper sedimentary section in St. George basin, implying that good
reservoir beds may be present in the basin. Neogene reservoir rock beds of
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shallow-water origin are also likely to be present in St. George basin because
sedimentation has matched subsidence, which averaged 100 to 200 m/106 yr
during Cenozoic time (Marlow and others, 1976b). The thick sections of the
basins beneath the Bering Sea shelf accumulated near the mouths of major
Alaska and Siberian rivers, including the Yukon and Kuskokwim. During Neogene
time, the shelf was swept by numerous marine transgressions and regressions
(Hopkins, 1967; Hopkins and Scholl, 1970). All these factors suggest the

likely deposition of neritic and deltaic strata and hence good reservoir beds
in the basin.
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Table 2.

Physical properties of rocks dredged from the Bering Sea continental

margin. For location, see Marlow and others (1976b, 1979b).
Sample Permeability Porosity
number Lithology Age (md) (%)
70-B93-3 Calcareous Pliocene-
. wacke Pleistocene - 14.0
70-B101-152 Diatomaceous L. Miocene
. mudstone - 59.0
70-B97-181 Diatomaceous M. or L.
siltstone Miocene - 57.0
15-78-BS-28-1 Sandy L. Miocene
mudstone 1.35 54.5
L5~78~BS-9-2 Glauconitic L. Middle
mudstone Miocene 29.00 34.4
L.5-78-BS-7-3 Mudstone M. Miocene 1.67 57.4
1,5~78~BS-2-5 Diatomaceous E. Miocene
) mudstone 0.92 40.9
L5-78~BS-5~-3 Diatomaceous E. Miocene
mudstone 1.49 22.0
L5-78~BS-6-7 Diatomaceous L. Oligocene or
mudstone E. Miocene 1.75 61.1
L5~78-BS~2-4 Sandy
mudstone L. Oligocene 5.46 68.3
1L5-78-BS~-2~11 Calcareous
siltstone L. Oligocene 1.25 45.1
1L5-78-BS-5-10 Andesite
tuff L. Oligocene 19.00 50.7
70-B97-1S2 Pebbly
conglomerate M. Oligocene - 29.0
L5-78-BS-4-3 Diatomaceous
mudstone E. Oligocene(?) 9.67 46.9
L5-78-BS-16-12 Mudstone Eocene(?) 0.77 57.0
15~-78~BS-27-1 Sandy
. Siltstone Eocene( ?) 3.61 55.9
15-78-BS-22~2 Glauconitic
N sandstone - 8.43 70.6
70~-B92-3S51 # Calcareous
. argillite - -- 21.0
70-B92-3S52 # Lithic
. wacke - -~ 21.0
690B92-355 # Lithic
wacke - - 17.0

Note:
measured.

# No age given because of a lack of diagnostic fossils.

These values from Marlow and others (1976b).
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CHAPTER 1-3
REGIONAL HAZARDS
Introduction

Major potential geologic hazards in the area of St. George basin include
faulting and earthquakes, sea floor instability because of erosion and
slumping, volcanic activity, and ice. This section on environmental hazards
is derived mainly from Gardner and others (1979) and Marlow and others
(1979b), although some parts are taken from Lisitsyn (1966), Askren (1972),
Nelson and others (1974), Sharma (1974), and Marlow and others (1976a,b).
Faulting and sea floor stability are probably the greatest potential hazards
in the region, although other hazards may be important locally.

Seismicity and Faulting

Classification of Faults

" Two aspects of faults provide a basis for their evaluation as potential
hazards - their magnitude and their recency of movement. Magnitude can be
estimated from the amount of offset and recency of movement can be determined
by the age of the strata that are displaced. Faults that offset the sea floor
must be considered as potentially active.

The following seismic reflection systems were used to delineate faults in

this area: 1) 3.5 kHz; 2) 1.5 kHz; 3) gingle—channel seismic reflection (60
KJ to 160 KJ sparker, and up to 1326 in~ air-gun sources); and 4) 24~ channel
system using a 1326~ air gqun array. The resolutions of the seismic systems,
which determine the minimum offset we can detect with each system, are shown
in Table 3. The resolutions were calculated using the velocity of sound in
water and by following the procedures of Moore (1969).

Table 3. Ranges of resolution for seismic systems.
Peak Frequency Range of Minimum Resolution (m)

40 Hz (multichannel) 9.4 to 28.1
100 Hz (single channel) 3.2 to 11.2
1.5 kHz 0.15 to 0.5
3.5 kHz 0.1 to 0.3

Faults are classified as surface, minor, and major faults. Surface
faults are any faults detected that offset the surface of the sea floor. 1In
St. George basin, these faults offset are resolved on 1.5 kHz and/or 3.5 kHz
records, but not on single or multichannel seismic reflection profiles. These
faults typically displace reflectors less than 0.006 sec (5 m). Most minor
faults are close to but do not break the sea floor; in places sediment drapes
over these features. Major faults are defined as those resolved on
multichannel and single-channel seismic reflection profiles. These faults
generally are growth structures and many displace the acoustic basement. A
subcategory of major faults are boundary faults; these are major faults that
mark the boundaries of St. George basin.

Fault Distribution

Distribution of faults is shown in Figure 12. The strike of most faults
is unknown because of the relatively wide spacing of tracklines. Faults found
on northeast-southwest tracklines, perpendicular to the long axis of St.
George basin, greatly outnumber those observed on northwest-southeast
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tracklines which indicates that the majority of the faults have a northwest-
southeast trend and parallel the trend of the basin. Faults bounding St.
George basin can be confidently traced between tracklines. We believe that
most faults beneath the shelf and those in St. George basin in particular,
trend northwest-southeast parallel to the basin and to the margin.

Boundary faults clearly delineate St. George basin, and the north side of
Pribilof ridge. These faults are normal faults, occur in groups, and exhibit
increased offset with depth, which indicates growth-type structures. These
faults in many places cut nearly all of the sedimentary sections, and often
offset acoustic basement, but rarely offset the sea floor.

Major faults (other than boundary faults) principally occur within St.
George basin, although a few occur within Amak basin (Fig. 12). This class of
fault decreased in abundance toward the Pribilof Islands. Major faults show
displacements that generally are much less than the larger boundary faults but
offsets greater than 0.08 sec (60m) occur in the central region of St. George
basin. Major faults are not always offset in the same sense as adjacent
boundary faults.

Surface faults tend to be more abundant along the southern side of St.
George basin and along Pribilof ridge than in the center of the basin (Fig.
13). Most surface faults can be traced from high-resolution to low-resolution
records, which suggest that most surface faults are expressions of major
faults and of boundary faults.

Minor faults (Fig. 14) occur throughout the southern outer shelf,
although, like other classes of faults, they are also concentrated in the
middle region of St. George basin, away from the Pribilof ridge. Minor faults
are more frequent south of the ridge than to the north (Fig. 14). Most minor
faults offset reflectors less than 0.006 sec (5 m) and almost all these faults
cut the top 0.005 sec (approximately 4 m) of the sedimentary section. Diatoms
recovcred in sediment from gravity cores up to 2 m long are youngyer
than <00,000 years (all within the Denticula seminae Zone; John parron, pers.
commun., 1976, 1977). If we assume that a 2 m core just penetrated the entire
Denticula seminae Zone, then the minimum accumulation rate is 0.8 cm/103. If
we assume that this minimum accumulation rate is typical for the top 4 m of
sediment (the thickness recently affected by minor faults), then the maximum
age of the sediment, calculated using 0.8 cm/103 yr., is 520,000 MYBP. Thus,
minor faulting may be no older than Pleistocene in age. Accumulation rates
may be much greater, for example 10 cm/10” yr. as suggested by C dates from

areas farther north (Askren, 1972), in which case the minor faults could cut
sediment as young as 40,000 YBP.

Earthquakes

The southern Bering Sea margin is within 500 km of the Aleutian Trench,
the present site of subduction between the Pacific and North American
plates. Several intermediate-to-deep-focus (71 to 300 km deep) and many
shallow-focus (less than 71 km deep) earthquakes were recorded beneath the
southern Bering Sea margin from 1962 to 1969 as shown in Figure 15. The St.
George basin and surrounding areas have been subject to earthquakes with
intensities as high as VIII (modified Mercalli scale), which corresponds to a
magnitude 5.7 earthquake (Meyers and others, 1976). Recurrence rates of
earthquakes for the area bounded by latitudes 50° and 60° N and longitudes of
160° to 175° W have been as high as 6.4 earthquakes per year from 1963 to 1974
for magnitudes of 4.0 to 8.4, and 0.013 earthquakes per year of magnitude 8.5
to 8.9 (1 every 130 years) from 1899 to 1974 (Meyers and others, 1976).

The correlation of earthquakes to shallow faulting is not well understood
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(Page, 1975). We believe, however, that many of the faults in the southern
Bering Sea are active and that they probably respond to earthquake-induced
energies and possibly to sediment loading in St. George basin.

Seafloor Instability

Areas of potentially unstable sediment masses were determined from the
seismic reflection records by using one or more of the following criteria: 1)
surface faults with steep scarps and rotated surfaces; 2) deformed bedding
and/or discontinuous reflectors; 3) hummocky topography;

4) anomalously thick accumulation of sediment; and 5) acoustically transparent
masses of sediment. Regions that show unstable sediments (e.g. gravity
slides, slumps, creep, scarps, etc.) are confined to the continental slope and
rise and the Pribilof and Bering Canyons. Zones of creep, as shown by
irreqular, hummocky topography, begin near the shelf break at depths of about
170 m and continue onto the upper continental slope. Hummocky topography
occurs on the continental slope on a large scale and mass movement is a common
feature. We suspect the entire continental slope and the walls of the major
submarine canyons to be zones of potentially unstable sediment. Regimes of
active sediment movement could respond to a variety of energy sources
including earthquakes, storms, internal waves, and gravity.

Earthquake, tide, and wind induced waves affect sediment movements in the
southern Bering Sea around St. George basin according to Lisitsyn (1966, p.
96-98). Earthquakes and associated tsunamis can affect shallow water
sedimentary deposits. Tides also have a strong affect in shallow water,
particularly in funnel-shaped estuaries such as Kuskokwim Estuary, where the
tide ranges up to 8 meters and current velocities can exceed 200 cm/sec
(Lis+tsyn, 1966).

Wind induced waves influence sedimentation in water depths of up to 100
meters in the Bering Sea. Storms in the area are frequent, and the
probability of storm waves several meters in height exceeds 20% during any
given year (Lisitsyn, 1966, p. 98). The strongest and most prolonged storms
occur during fall and winter seasons. In late summer and early fall waves
generated by Pacific typhoons often penetrate the Aleutian Island arc and
reach the southern Bering Sea.

Volcanic Activity

The Bering Sea shelf and margin near St. George basin are bounded on the
south by the volcanically active Alaska Peninsula and eastern Aleutian
Islands. Coats (1950) lists 25 active volcanoes in the Aleutian Islands and
11 on the Alaska Peninsula and mainland. Volcanism to the north, in the
Pribilof Islands, may still be active (Hopkins, oral communication, 1976).
Hazards from volcanic activity are associated with eruption of lava and ash
and the attendant earthquakes. The distribution of ash is dependent on the
magma composition, eruption character, wind speed and direction at the time of
eruption, height of eruption, volume of material, and specific properties of
the pyroclastic debris. Eruptions from the large andesitic cones on the
Alaska Peninsula and Aleutian Islands are mostly the explosive-type and can
spread pyroclastic materials over large areas, whereas eruption from basaltic
volcanoes, such as those on the Pribilof and Nunivak Islands, are not as
explosive and would have only local effects.
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The largest known quantitg of volcanic material erupted in historic times
in the Alaska area, some 21 km~ of ash, was erupted by Katmai volcano in 1912,
when ash was carried over distances of 2000 km or more. At a distance of 180
km from the volcano, ash was deposited with a density of about 45 g/cm
(Lisitsyn, 1966). According to historical data, individual ash deposits in
the Bering Sea region extend 200 to 2000 km from the source, averaging about
500 km. Hazards are associated not only with the volume of ash that might be
deposited but also with ground motion that often accompanies major
eruptions. These forces, as well as base surges from caldera eruptions, may
affect man-made structures and also shake loose pre-existing, unstable, and
undercompacted sediment bodies.

Ice

Parts of the southern Bering Sea continental shelf and margin in the
vicinity of St. George basin are covered with ice for several months a year
(Fig. 16). Ice development reaches its maximum during March and April when
unstressed floes reach 1 to 2 m in thickness (Lisitsyn, 1966). Both
migratory and stationary ice form; the latter occurs along the shorelines and
ranges in width from a few meters to as much as 80 km from the shore. Some
ice gouging occurs around the shorelines where the ice is thickest, and man-
made structures, pipelines, and ports may be affected by ice-ramming and
bottom scouring. ’

Hydrocarbon Gases in Near Surface Sediment

Gardner and others (1975) and Kvenvolden ana Redden (1979) have shown
that hydrocarbon gases are present in surface and near-surface sediment of the
southern Bering Sea shelf and slope. Concentrations of hydrocarbons are about
the same in shelf and slope sediment in the interval from 0 to about 60 cm.

On the shelf, acoustic anomalies ("bright spots" or "wipe-out zones") thought
to be due to gas concentrations are common (Fig. 17), and are generally 200 to
300 m deep. However, these acoustical anomalies do not produce hydrocarbon
gas anomalies in the near-surface sediment above them, except for one station
(9-12, S8-6~77~ BS; Kvenvolden and Redden, 1979).

The concentrations and distributions of hydrocarbon gases in the sediment
were examined in cores taken in the areas shown on Fig. 18. These measure-
ments do not indicate that gas seeps are active in the areas sampled or that
the gas in the sediment constitutes a geologic hazard because of high
concentrations. We should emphasize that these samples are shallow cores (few
meters) and may not be representative of gas-associated hazards in the
sedimentary section at greater depths. Unsubstantiated rumor indicates that
when the COST well was drilled south of St. George basin in 1977, engineering
problems were encountered with shallow pockets of gas.
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EXPLANATION

Suspected shallow
gas deposits
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Figure 17. Distribution of acoustic anomalies ("bright spots" or "wipe-out

zones") detected in seismic reflection data and thought to be due to
shallow accumulations of gas.
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CHAPTER 1-4
HARD MINERALS GEOLOGY

Hard minerals deposits are unknown in the shelf area of St. George

basin. Mineralization zones are absent in the igneous rocks exposed on the
Pribilof Islands.
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SECTION 2: UMNAK PLATEAU REGION

This section of the report summarizes geological and geophysical data
from the deep-water (greater than 200 m) region of the St. George basin
planning area. This region is bounded on the northeast by the 200 m
bathymetric contour, on the southeast by a line that approaches within 3 miles
of the Aleutian Islands, and on the west by the 171°W longitude meridian.
Hereafter, this triangular region is referred to as the Umnak Plateau
region. The name is derived from a major bathymetric feature, Umnak Plateau,
that covers most of the region (Fig. 19).

New data that has been collected in the Umnak Plateau region since the
release of the previous summary geologic report for the area (Cooper and
others, 1980) are limited to multichannel seismic reflection (MCS) and other
underway geophysical data collected along tracklines in Figure 20. Nearby, to
the west of the planning area, MCS data and rock-dredge samples have been
acquired across the crest and flanks of the Aleutian Ridge (Fig. 21) and these
data- are included here. A more complete discussion of data bases, geologic
observations, and previous interpretations for the Umnak Plateau region can be
found in Cooper and others (1980).
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of the St. George basin planning area (from’fcholl and others, 1983a).



CHAPTER 2-1
GEOLOGIC FRAMEWORK
Regional Tectonic Setting

The Umnak Plateau region lies at the junction of the extensive southern
Bering shelf and the arcuate Aleutian Ridge. Mesozoic rocks and structures,
described in the previous section, comprise the underpinnings of the shelf and
form the region's northeast boundary. A younger suite of Cenozoic rocks and
structures, however, are found beneath the Aleutian Ridge (Marlow and others,
1973; Scholl and others, 1975a, 1983a) along the southeastern edge of the
region. On the west, the Umnak Plateau region is flanked by Mesozoic igneous
crust and Cenozoic sedimentary rocks that underlie the Aleutian Basin (Cooper
and others, 1976). The diverse origin of the geologic provinces is unclear.

During Mesozoic time, the Aleutian Basin may have been part of a larger
oceanic plate (Kula plate) that abutted against the Bering continental margin
(Scholl and others 1975a, 1983). A piece of this oceanic plate was trapped in
the Aleutian Basin and subduction shifted from the Bering margin to the south
side’  of the Aleutian Ridge. Umnak Plateau may have initially formed in early
Tertiary time by:

1. uplift of the Aleutian Basin's oceanic crust during the initial
construction of the Ridge (Cooper and others, 1980) or

2. collision of an existing oceanic plateau (on the Kula Plate) with the
southern Bering margin prior to the development of the Aleutian Ridge (Ben-
Avraham and Cooper, 1981) or

3. Subsidence of a subaerially exposed flank of the proto-Aleutian Ridge in
early Tertiary time (Scholl and others, 1983).

Since early Tertiary time, the area has been covered by a 1-9 km thick
sedimentary sequence derived from the nearby Aleutian Ridge and Bering
shelf. The lzrge structural relief on basement rocks at the base of the
Bering margin is a result, in part, of this massive sediment loading
throughout Cenozoic time (Cooper and others, 1979a). The morphology of the
large submarine canyons in the region reflects primarily structurally-
controlled erosional processes associated with late Cenozoic periods of
glaciation and lower sea level rather than major faulting of the sedimentary
section (Scholl and others, 1970).

Geology of the Umnak Plateau region

Offshore geologic data from the Umnak Plateau region are sparse (Fig. 22)
and age assignments for the acoustic stratigraphy beneath the region must be
projected long distances from dredged localities. Scholl and others
(1983a,b), based on previous investigations (Marlow and others 1983; Scholl
and others, 1975a,b) as well as on new dredge stations (Fig. 21; Table 4),
describe three rock series: lower, middle, and upper, for the upper-crustal
rocks of the Aleutian Ridge and part of the Umnak Plateau region. Figure 23
shows the general distribution of these three rock series across the Aleutian
Ridge along a transect of the Amlia corridor, 100 km west of the Umnak region.

According to Scholl and others (1983), the Aleutian Ridge's three-tiered
chronostratigraphic sequence comprises a lower series of mostly Eocene
volcanic rocks; a middle series of mostly Oligocene through lower middle
Miocene strata that includes large volumes of sedimentary beds; and an upper
series of middle Miocene to Holocene deposits that are dominantly sedimentary
beds but include the upper Cenozoic eruptive masses.
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TABLE 4.

Description of dredge station locations, water depths, rock ages, and
major lithologies for rocks collected in 1979, 1980, and 1981 from

the Aleutian Ridge.  Table is from Scholl and others (1983a). See
Figure 21 for location.
Latitude
: and Major
Dredge No. General Location (and series) Longitude Water Depth (m) Ages Lithologies
L5-80-1 Top of tandward slope of 50°59.8'N 5000 Late Pliocens- Limestone
Aleutian trench 174°06.3'W earty Quatemnary and mudstone
(late series)
L5-8-2 Northem edge of summit platform 52°52.1'N 500400 Unknown Volcaniclastic
north of Amukta island 171°28.2'W breccia
({lower or middle series)
19-81-3 Upper slope south of Seguam Pass 51°48.9'N 2250 Late Pfiocene - Sandstone and
(upper series with included 172°43.5'W early Quatemary conglomerate
N clasts of middle series) with clasts of
late Oligocene
L9-814 -Lowermost slope south of Amlia 51°37.6'N 3680-3700 Late Pliocene Soft siitstone
Island. 173°27.5W (silt) Earty mid- and hard
{middle series) dle Miocene(ss) sandstone
L9-81-5&6 Summit platform south of Amlia Pass 51°53.3'N 80 Unknown Flow rocks and
(lower series) 174°00.3'W : volcanic sandstons
{9-81-10 East wall, upper reaches of 52°43.8'N 1500-1850 Late middie Sandstone and
Amiia Canyon 173°03.8'W Miocene and mudstone
(upper series) . middle Pliocene
$6-79-12 Upper slope south of Amilia island 51°51.6'N 1000-900 Early Qligocene Sandstone
(middle series) 173°32.2'W
S$6-79-13 Upper slope south of Amlia Island 51°50.0'N 1700-1650 Early Oligocene Sandstone
(middle series) 173°28.1'W . and tuft
S6-79-14 Uppermost slope south of Amlia 51°48.9'N 500-400 Late Qligocene- Sandstone
Island 173°56.3'W early Miocene ’
(middle series)
$6-79-15 Inner wall of the Aleutian Trench §0°53.1'N 7050-6600 Early Quatemary Mud
(upper serias) 173°12.9'W
$6-79-16 Middle slope south of Amlia Island 51°45.8'N 2650-2450 Oligocene Sandstone and
(middle series) 173°43.4'W siltstone
S6-79-17 Middle slope south of Amlia Island 51°44.4'N 3100-2950 Oligocene and Sandstone
(middie and upper (?) series) 173°45.2'W middle Miocene
$6-79-19 Middle slope south of Amlia Island 51°43.5'N 2900-2750 Earty to middle Sandstone
(middle series) 173°41.3'W Oligocene
S$6-79-20 Uppermost slope south of Amlia 51°48.7°'N 93-700 Late Miocene- Sandstone
: Istand 174°00.4'W earty Pliocene
(upper series)
S6-79-21 Summit platform south of Atka 51°62.1'N 120 Unknown Flow rocks and
Island 174*12.9'W volcanic
(lower series) sandstone
S6-79-22 Summit platform south of 52°08.9'N 450-300 Middle Eocene- Tuft, sandstone
Amukta Pass and Seguam Island 171°51.9'W early Oligocene and siltstone
(lower series)
S6-79-25 Summit platform south of Amukta 52°09.6'N 260 Unknown Flow rocks
Pass and Seguam Island 171°52.2'W and tuff
(lower series)
S6-79-27 West wail of Amlia Canyon, north 52°39.2'N 1550-1500 Early Pliocene- Sandstone,
side Aleutian Ridge 173°07.8'W Holocene siltstone
(upper series) and tuff
S$6-79-28 West wall of Amlia Canyon §2°38.7'N 1350-1225 Middle late Breccia and
(upper series) 173°09.9'W Miocene early conglomerate
Pliocene
S$6-759-29 West wall of Amlia Canyon 52°39.8'N 1200-1100 Late Miocene- Sandstone
(upper series) 173°09.9'W early Pliocene(?) and breccia
S6-78-30 East wall of Amlia Canyon 52°41.1'N 1550-1400 Middle middle Sandstone,
(upper series) 173°04.3'W Miocene breccia, and
conglomerate
S$6-79-31 Fault scarp on northwest side of 52°30.8'N 580-300 Unknown Volcaniclastic
Amlia Basin 173°27.4'W breccia and
(lower or middle series) . . flow rocks
S$6-79-32 East wall of Seguam Canyon, North 52°37.5'N 975-900 Late Miocene- Sandstone and
side of Aleutian Ridge 172°35.2'W early Pliocene breccia

{upper series)
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The ridge's upper crustal framework is a massive antiform consisting of a
sediment-draped igneous massif of chiefly lower series rocks produced rapidly
by voluminous submarine volcanism prior to about 35 million years ago. In
post-Eocene time, igneous activity effectively ceased over the flanks of the
ridge and, except for a pulse in early middle Miocene time, greatly diminished
along the arc's summit region. In Oligocene through early Neogene time,
debris eroded from the regionally elevated and volcanically dying crest of the
arc accumulated on the submerged (or submerging) flanks and basal regions of
the ridge as middle series deposits.

The post-middle Miocene history of the ridge crest records the dominance
of extensional collapse and erosion over continuing but localized volcanic
buildup of the arc's igneous massif. Wave~base erosion carved a summit
platform across the top of the arc. The truncation was accompanied by the
deposition of basinal sequences of upper series beds in summit grabens and
perhaps by extensive subsidence of the arc's sloping flanks.

Rocks of the lower, middle, and upper series underlie Umnak Plateau but
only the upper 973 meters of the 1 to 9 km thick sedimentary sequence has been
drilled by DSDP. The oldest rocks recovered are from the upper series, and
are early Pliocene or late Miocene in age (Fig. 24). The sediment in the
upper 600 meters of the DSDP holes is primarily diatomaceous ooze with silt,
clay, ash and limestone, but at greater depths is diagenetically altered to
lithified clayey siltstone. Similar rocks have been dredged from outcrops
along the inner wall of Pribilof Canyon. Most of these rocks are believed to
be derived (from sediment sources on the Aleutian Ridge) by longshore
transport and turbidity currents. Bedrock beneath Umnak Plateau has not been
sampled and the type (igneous or sedimentary) and origin (oceanic, continent-
al, or island-arc) of these rocks are unknown; however they are presumed by
Scholl and others (1983a) to be equivalent to lower series rocks of the
northern Aleutian Ridge flank {(Fig. 23).

STRATIGRAPHY

The acoustic stratigraphy of the Umnak Plateau region is described by
Schell and others (1968, 1970, 1983a,b) and Cooper and others (1980). 1In this
section we briefly review these papers, and show new examples from recent USGS
multichannel seismic reflection data.

On the basis of pre-1968 seismic reflection records, Scholl and others
(1968) define four acoustic units for the Umnak Plateau region: Acoustic
Basement (AB), Main Layered Sequence (MLS), Rise Unit (RU), and Surface
Mantling Unit (SMU; Fig. 25). The RU, SMU, and upper part of the MLS are
equivalent with the upper series (Scholl and others 1983a, b); the lower part
of the MLS, in places, lies within the middle series.

The Main Layered Sequence forms the bulk of the Neogene sedimentary
section (Vp = 1.6 to 3.4 km/sec) and is often several kilometers thick. The
Rise Unit is primarily Pleistocene turbidites that cover the MLS in the
abyssal Aleutian Basin and that pinch out at the base of the continental
slope. The flanks of the Plateau's submarine canyons are covered
unconformably by late Cenozoic diatomaceous and terrigenous rocks of the
Surface Mantling Unit.

The Acoustic Basement (AB) is a horizon of highly variable acoustic
character, geomorphic relief, and geologic age. Near the Bering shelf, AB is
Mesozoic sedimentary rock (Vp = 4.9 to 5.3 km/sec; Marlow and others 1979c).
Beneath Umnak Plateau and the Aleutian Ridge flank, AB is probably Paleogene
early series rocks (Vp = 3.4 to 4.8 km/sec) and underneath the Aleutian Basin
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